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As part of our continued interest in the synthesis of new
biologically active heterocyclic ring systems via the reaction
of hydrazonoyl halides (Farghaly et al., 2012a,b; Farag
et al., 2013; Kheder and Mabkhot, 2012; Dawood et al.,
2010; Darwish et al., 2010; Abdel Hafez et al., 2010; Riyadh
et al., 2010), we note bis-hydrazonoyl chlorides are highly
versatile and useful building blocks for the synthesis of a wide
variety of bis-heterocyclic rings such as bis(1,2,4-triazoles)
(Farag et al., 2007; Shawali et al., 1993), bis(pyrazoles) (Farag
et al., 1997), bis(1,3,4-thiadiazoles) (Farag et al., 1994b),
bis(1,3,4-selenadiazoles) (Farag et al., 1994a), and pyrrolo676608.
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olysubstituted bis-azoles. Arabian Jour[2,1-b]benzothiazole (Dawood, 1998). Many of bis-heterocy-
cles have various biological activities (Urman et al., 1975; Iq-
bal et al., 2009; Duksin et al., 1970; Field et al., 1967) and
other reports (Lambert et al., 1964) indicate that bis-heterocy-
cles displayed much better antibacterial activity than mono
heterocyles. In light of these ﬁndings and in conjunction with
our ongoing studies of the chemistry of hydrazonoyl halides
it was thought interesting to study the reactions of the bis-hyd-
razonoyl chloride with some of active methylene reagents and
heterocyclic amines to synthesize some of bis-pyrazole, bis-
(imidazo[1,2-b][1,2,4]triazole) and bis(imidazo[1,2-a]benzimid-
azole) derivatives. In addition, in view of the biological activ-
ities exhibited by several pyrazole derivatives such as anti-
inﬂammatory (Tewari and Mishra, 2001), anti-anxiety (Haufel
and Breitmaier, 1974; Wustrow et al., 1998), antipyretic (Wiley
and Wiley, 1964), antimicrobial (Pimerova and Voronina,
2001), antiviral (Janus et al., 1999), antitumor (Park et al.,
2005; Bouabdallah et al., 2006), anticonvulsant (Michon
et al., 1995), antihistaminic (Yildirim et al., 2005), antidepres-
sant (Bailey et al., 1985), the bioactivity of the products of the
target reactions were studied.ier B.V. All rights reserved.
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2.1. Chemistry
All melting points were measured on a Gallenkamp melting
point apparatus (Weiss–Gallenkamp, London, UK). The
infrared spectra were recorded in potassium bromide disks
on a pye Unicam SP 3300 and Shimadzu FT IR 8101 PC infra-
red spectrophotometers (Pye Unicam Ltd. Cambridge, Eng-
land and Shimadzu, Tokyo, Japan, respectively). The NMR
spectra were recorded on a Varian Mercury VX-300 NMR
spectrometer. 1H spectra were run at 300 MHz in deuterated
dimethyl sulfoxide (DMSO-d6). Chemical shifts were related
to that of the solvent. Mass spectra were recorded on a Shima-
dzu GCMS-QP 1000 EX mass spectrometer (Shimadzu-To-
kyo, Japan) at 70 eV. Elemental analyses were carried out at
the Micro-analytical Center of Cairo University, Giza, Egypt.
The antimicrobial and the anticancer activities of some se-
lected examples were carried out at the Regional Center for
Mycology and Biotechnology at the Al-Azhar University,
Cairo, Egypt. Bis-Hydrazonoyl chloride 1 (Kheder et al.,
2013) was prepared as described in the literature
2.1.1. Synthesis of bis-heterocycles 4a,b, 7, 10a,b, 13 and 14
General method:
To sodium ethoxide solution, [prepared from sodium me-
tal (0.12 g, 5 mmol) and absolute ethanol (15 mL)] was
added the appropriate active methylene compounds (malon-
onitrile or cyanoacetamide or pentane-2,4-dione or ethyl 3-
oxo-3-phenylpropanoate or 3-oxo-3-phenylpropanenitrile or
6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (11) or 4-hy-
droxy-2H-chromen-2-one (12) (5 mmol of each). The mixture
was stirred for 10 min. To the resulting solution was added
bis-hydrazonoyl chloride 1 (2.5 mmol) and the reaction mix-
ture was left over night at room temperature, while being
stirred. The solid, that precipitated, was ﬁltered off, washed
with water, dried and ﬁnally crystallized from the appropri-
ate solvent to give the respective products 4a,b, 7, 10a,b, 13
and 14, respectively.
2.1.1.1. 1,10-(Biphenyl-4,40-diyl)bis(3-acetyl-5-amino-1H-pyra-
zole-4-carbonitrile) (4a). Yellow solid, yield (85%),
mp > 300 C (Dioxane); IR (KBr) m 3332, 3201 (NH2), 2221
(C„N), 1689 (C‚O) cm1; 1H NMR (DMSO-d6) d 2.46 (s,
6H, 2CH3), 6.99 (br s, 4H, 2NH2), 7.69 (d, J= 8 Hz, 4H,
Ar-H), 7.93 (d, J= 8 Hz, 4H, Ar-H) ppm; MS, m/z (%) 450
(M+, 16), 225 (14), 166 (30), 152 (24), 76 (46). Anal. Calcd.
for C24H18N8O2 (450.45): C, 63.99; H, 4.03; N, 24.88. Found:
C, 63.87; H, 4.12; N, 24.75%.
2.1.1.2. 1,10-(Biphenyl-4,40-diyl)bis(3-acetyl-5-amino-1H-pyra-
zole-4-carboxamide) (4b). Orange solid, yield (74%),
mp > 300 C (Dioxane/Ethanole); IR (KBr) m 3251, 3174
(NH2), 1670, 1640 (2C‚O) cm
1;1H NMR (DMSO-d6) d
2.60 (s, 6H, 2CH3), 3.48 (br s, 4H, 2NH2), 6.99 (br s, 4H,
2NH2), 7.51 (d, J= 8 Hz, 4H, Ar-H), 7.66 (d, J= 8 Hz, 4H,
Ar-H) ppm; MS, m/z (%) 486 (M+, 0.14), 393 (60), 390 (88),
286 (100), 208 (83), 181 (88), 154 (40), 128 (40), 102 (13), 76
(6). Anal. Calcd. for C24H22N8O4 (486.48): C, 59.25; H, 4.56;
N, 23.03. Found: C, 59.38; H, 4.27; N, 23.19%.Please cite this article in press as: Kheder, N.A., Farghaly, T.A.R. Bis-Hydrazonoyl
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pyrazole) (7). Yellow solid, yield (86%), mp 250–252 C
(Dioxane); IR (KBr) m 1682 (C‚O) cm1; 1H NMR
(DMSO-d6) d 2.39 (s, 6H, 2CH3), 2.46 (s, 6H, 2CH3), 2.60
(s, 6H, 2CH3), 7.74 (d, J= 8 Hz, 4H, Ar-H), 7.97 (d,
J= 8 Hz, 4H, Ar-H); MS, m/z (%) 482 (M+, 49), 481 (28),
467 (100), 75 (2). Anal. Calcd. for C28H26N4O4 (482.53): C,
69.70; H, 5.43; N, 11.61. Found: C, 69.50; H, 5.29; N, 11.48%.
2.1.1.4. Diethyl 1,10-(biphenyl-4,40-diyl)-bis(3-acetyl-5-phenyl-
1H-pyrazole-4-carboxylate) (10a). Orange solid, yield (86%),
mp 196–198 C (DMF/Ethanole); IR (KBr) m 1710, 1678
(2C‚O) cm1; 1H NMR (DMSO-d6) d 1.29 (t, J= 7 Hz,
6H, 2CH3), 2.40 (s, 6H, 2CH3), 4.28 (q, J= 7 Hz, 4H,
2CH2), 6.74 (d, J= 8 Hz, 4H, Ar-H), 7.39 (d, J= 8 Hz, 4H,
Ar-H), 7.51–7.94 (m, 10H, ArH) ppm; MS, m/z (%) 666
(M+, 2), 649 (4), 648 (5), 211 (26), 188 (32), 77 (21). Anal.
Calcd. for C40H34N4O6 (666.72): C, 72.06; H, 5.14; N, 8.40.
Found: C, 72.0; H, 5.04; N, 8.23%.
2.1.1.5. 1,10-(Biphenyl-4,40-diyl)-bis(3-acetyl-5-phenyl-1H-pyr-
azole-4-carbonitrile) (10b). Orange solid, yield (78%),
mp > 300 C (Dioxane); IR (KBr) m 2233 (CN), 1678
(C‚O) cm1; 1H NMR (DMSO-d6) d 2.63 (s, 6H, 2CH3),
7.45–7.53 (m, 10H, ArH), 7.65 (d, J= 8 Hz, 4H, Ar-H), 7.81
(d, J= 8 Hz, 4H, Ar-H) ppm; MS, m/z (%) 572 (M+, 86),
338 (21), 175 (43), 166 (50), 152 (64), 76 (64), 64 (64). Anal.
Calcd. for C36H24N6O2 (572.61): C, 75.51; H, 4.22; N, 14.68.
Found: C, 75.29; H, 4.07; N, 14.48%.
2.1.1.6. Bis-hydrazone 13. Dark orange solid, yield (75%), mp
280–282 C (Ethanol/DMF); IR m 3247 (NH), 3020 (Ar-H),
2927 (Aliph-H), 1689, 1674 (2C‚O), 1604 (Ar-H), 1535,
1496, 1357 (CH2, CH3) cm
1; 1H NMR (DMSO-d6) d ppm
Insoluble in DMSO-d6; MS, m/z (%) 638 (M
+, 2.4), 319
(35), 76 (31). Anal. Calcd. for C40H38N4O4 (638.75): C,
75.21; H, 6.00; N, 8.77. Found: C, 75.04; H, 6.22; N, 8.64%.
2.1.1.7. Bis-hydrazone 14. Orange solid, yield (78%),
mp > 300 C (Ethanol/DMF); IR (KBr) m 3251 (NH), 1674,
1612 (2C‚O) cm1; 1H NMR (DMSO-d6) d 2.34 (s, 6H,
2CH3), 3.56 (s, 2H, CH), 7.21–7.40 (m, 8H, ArH), 7.51 (d,
J= 8 Hz, 4H, Ar-H), 7.65 (d, J= 8 Hz, 4H, Ar-H), 10.80
(s, 2H, 2NH) ppm; MS, m/z (%) 643 (M++1, 12), 642
(M+, 20), 397 (12), 76 (25). Anal. Calcd. for C36H26N4O8
(642.61): C, 67.29; H, 4.08; N, 8.72. Found: C, 67.05; H,
3.95; N, 8.49%.
2.1.2. 1,10-(1,10-(Biphenyl-4,40-diyl)-bis(4-benzoyl-1H-
pyrazole-3,1-diyl))diethanone (18)
To a mixture of the bis-hydrazonoyl chloride 1 (0.391 g,
1 mmol) and 3-(dimethylamino)-1-phenylprop-2-en-1-one
(16) (0.350 g, 2 mmol) in dry benzene (20 mL), triethylamine
(0.2 mL) was added. The reaction mixture was reﬂuxed for
6 h then cooled to room temperature. The triethylamine
hydrochloride salt was ﬁltered off and the ﬁltrate was evapo-
rated under reduced pressure. The residue was treated with
methanol to give a yellow solid product which was ﬁltered
off, washed with ethanol, and recrystallized from DMF to af-
ford bis-pyrazole 18 in 90% yield, mp > 300 C; IR (KBr) m
1685, 1647 (2C‚O) cm1; 1H NMR (DMSO-d6) d 2.61 (s,chloride as precursors Bis-Hydrazonoyl chloride in synthesis of novel polysub-
nal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.11.040
Table 1 Cytotoxic activity of some of the
newly synthesized compounds against HEPG-2
cell line.
Compound. No IC50 (lg/ml)
HEPG-2 cell line
4a 16.4
7 16.6
10b 20.4
13 15.3
14 14.4
18 20.3
21 23.4
Bis-Hydrazonoyl chloride as precursors for synthesis 36H, 2CH3), 7.51–7.86 (m, 10H, ArH), 7.99 (d, J= 8 Hz, 4H,
Ar-H), 8.12 (d, J= 8 Hz, 4H, Ar-H), 9.11 (s, 2H, pyrazole-
H) ppm; MS, m/z (%) 578 (M+, 62), 577 (35), 105 (100), 77
(82). Anal. Calcd. for C36H26N4O4 (578.62): C, 74.73; H,
4.53; N, 9.68. Found: C, 74.50; H, 4.36; N, 9.48%.
2.1.3. Reaction of bis-hydrazonoyl chloride 1 with 3-amino-
1,2,4-triazole 19 or 2-aminobenzimidazole 22
Triethylamine (2 mmol) was added drop wise at room temper-
ature to a mixture of a bis-hydrazonoyl halide 1 (1 mmol) and
the appropriate heterocyclic amine (2 mmol) in ethanol
(40 mL). The reaction mixture was heated under reﬂux condi-
tion for 6 h. The resulting solid was collected by ﬁltration,
washed with ethanol, dried and ﬁnally crystallized from
DMF to afford the corresponding bis-heterocycles 21 and 24.
The physical and spectral data for obtained products are listed
below.
2.1.3.1. 4,40-Bis(2-(5-methyl-6H-imidazo[1,2-b][1,2,4]triazol-
6-ylidene)hydrazinyl)biphenyl (21). Yellow solid, yield (78%),
mp > 300 C; IR (KBr) m 3252 (NH) cm1;1H NMR (DMSO-
d6) d 2.34 (s, 6H, 2CH3), 7.51 (d, J= 8 Hz, 4H, Ar-H), 7.65 (d,
J= 8 Hz, 4H, Ar-H), 8.01 (s, 2H, triazole-H), 10.79 (s, 2H,
NH) ppm; MS, m/z (%) 450 (M+, 5), 149 (77), 76 (35). Anal.
Calcd. for C22H18N12 (450.46): C, 58.66; H, 4.03; N, 37.31.
Found: C, 58.49; H, 4.0; N, 37.24%.
2.1.3.2. Bis(imidazo[1,2-a]benzimidazole) 24. Yellow solid,
yield (76%), mp > 300 C; IR (KBr) m 3251 (NH) cm1; 1H
NMR (DMSO-d6) d 2.24 (s, 6H, 2CH3), 7.68 (d, J= 8 Hz,
4H, Ar-H), 7.90 (d, J= 8 Hz, 4H, Ar-H), 7.09–7.52 (m, 8H,
ArH), 10.25 (s, 2H, NH) ppm; MS, m/z (%) 548 (M+, 13),
76 (20). Anal. Calcd. for C32H24N10 (548.60): C, 70.06; H,
4.41; N, 25.53. Found: C, 70.12; H, 4.23; N, 25.34%.
2.2. Pharmacology
2.2.1. Cytotoxic activity
The anticancer activity of the synthesized compounds 4a, 7,
10b, 13, 14, 18 and 21 was determined against the liver carci-
noma cell line (HEPG-2), using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT) assay and Doxo-
rubicin was used as a reference drug. Data generated were used
to plot a dose response curve of which the concentration of test
compounds required to kill 50% of cell population (IC50) was
determined. Cytotoxic activity was expressed as the mean IC50
of three independent experiments (Table 1). The method ap-
plied is similar to that reported by Vijayan et al. (Vijayan
et al., 2004) using Crystal violet stain (1%). Cells were seeded
in 96-well plate at a cell concentration 1 · 104 cells per well in
100 ll of growth medium. Fresh medium containing different
concentrations of the test sample was added after 24 h of seed-
ing. Serial twofold dilutions of the tested chemical compound
were added to conﬂuent cell monolayers dispensed into 96-
well, ﬂat-bottomed microtiter plates using a multichannel
pipette. The microtiter plates were incubated at 37 C in a
humidiﬁed incubator with 5% CO2 for 48 h. Three wells were
used for each concentration of the test sample. Control cells
were incubated without test sample with DMSO. After incuba-
tion of the cells for 24 h at 37 C, various concentrations of
sample (50, 25, 12.5, 6.25, 3.125, and 1.56 lg) were added,Please cite this article in press as: Kheder, N.A., Farghaly, T.A.R. Bis-Hydrazonoyl
stituted bis-azoles –> for synthesis of novel polysubstituted bis-azoles. Arabian Jourand the incubation was continued for 48 h and the viable cells
yield was determined by a colorimetric method. After the end
of incubation period, media were aspirated and the crystal vio-
let solution was added to each well for at least 30 min. The
stain was removed and the plates were rinsed using tap water
until all excess stain is removed. Acetic acid (30%) was then
added to all wells and mixed thoroughly, and then the absor-
bance of the plates was measured after gently shaking on a
Microplate reader, using a test wavelength of 490 nm. All re-
sults were corrected for background absorbance detected in
wells without added stain. Treated samples were compared
with the cell control in the absence of the tested compounds.
All experiments were carried out in triplicate.
2.3. Agar diffusion well method to determine the antimicrobial
activity
The microorganism inoculums were uniformly spread using
sterile cotton swab on a sterile Petri dish Malt extract agar
(for fungi) and nutrient agar (for bacteria). One hundred lL
of each sample was added to each well (10 mm diameter holes
cut in the agar gel, and 20 mm apart from one another). The
systems were incubated for 24–48 h at 37 C (for bacteria)
and at 28 C (for fungi). After incubation, the microorganism’s
growth was observed. Inhibition of the bacterial and fungal
growth was measured in mm. Tests were performed in tripli-
cate (Smania et al., 1999).
3. Results and Discussion
3.1. Chemistry
Malononitrile or 2-cyanoacetamide reacted with bis-hydrazo-
noyl chloride 1 (2:1 M ratio) in the presence of sodium ethox-
ide to yield the corresponding bis(5-aminopyrazole) 4a and 4b,
respectively (Scheme 1). The structures of the products were
established on the basis of their elemental analyses and spectral
data (IR, 1H NMR, MS). The IR spectrum of bis-pyrazole 4a
revealed three bands in the region 3332, 3201 and 2221 cm1
due to NH2 and one nitrile groups. Its
1H NMR spectrum re-
vealed, in addition to two doublet signals of aromatic protons,
two singlet signals at d 6.99 and 2.46 due to NH2 and COCH3
protons, respectively. Moreover, the mass spectrum of the
same product revealed a peak at m/z 450 corresponding to
its molecular ion. The plausible mechanism for this reactionchloride as precursors Bis-Hydrazonoyl chloride in synthesis of novel polysub-
nal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.11.040
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4 N.A. Kheder, T.A.R. Farghalysteps is outlined in Scheme 1. The reaction proceed via nucle-
ophilic displacement of hydrogen chloride to give acyclic inter-
mediate 2 which underwent intramolecular cyclization to give
the respective intermediate 3 followed by rearrangement to
give the bis-pyrazoles 4.
Similarly, treatment of the bis-hydrazonoyl chloride 1 with
pentane-2,4-dione in ethanolic sodium ethoxide, afforded a
single product that was identiﬁed as 1,10-(biphenyl-4,40-diyl)-
bis(3,4-diacetyl-5-methyl-1H-pyrazole) (7) (Scheme 2). The
structure of the latter product was assigned on the basis of
its 1H NMR spectrum which revealed three singlet signals at
d 2.39, 2.46 and 2.6 due to three methyl protons, in addition
to two doublet signals at 7.74 and 7.97 for the aromatic pro-
tons. Its IR spectrum showed absorption band at 1682 cm1
due to carbonyl group. Moreover, the mass spectrum of the
same product revealed a peak at m/z 482 corresponding toO
O
Me
O
Me
HN
N
O
Me
O
O
Me Me
1
+ 2
5
NH
N
O
Me
O
O
MeMe
N
N
Cl
MeOC
H
N
N
Cl
COMe
H
Scheme 2 Synthesis
Please cite this article in press as: Kheder, N.A., Farghaly, T.A.R. Bis-Hydrazonoyl
stituted bis-azoles –> for synthesis of novel polysubstituted bis-azoles. Arabian Jourits molecular ion. The reaction proceed via nucleophilic attack
at the hydrazonoyl carbon to give the acyclic hydrazone inter-
mediate 5 followed by elimination of two water molecules to
give bis-pyrazole 7.
We also studied the reaction of the bis-hydrazonoyl chlo-
ride 1 with ethyl 3-oxo-3-phenylpropanoate or 3-oxo-3-phenyl-
propanenitrile under the same experimental conditions
(Scheme 3). The structure of the isolated cycloadducts was
identiﬁed as bis-pyrazoles 10a,b, respectively. The 1H NMR
spectrum of 10a revealed a triplet signal at d 1.29 due to two
CH3 protons and a quartet signal at d 4.28 due to two CH2
protons, in addition to singlet signal at d 2.4 due to CH3 pro-
tons and an aromatic multiplet in the region d 7.51_7.94. Also,
its mass spectrum revealed a molecular ion peak at m/z 666.
Furthermore, the reactions of bis-hydrazonoyl chloride 1
with 6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (11) orO
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Bis-Hydrazonoyl chloride as precursors for synthesis 54-hydroxy-2H-chromen-2-one (12) in sodium ethoxide
yielded the acyclic adduct 13 or 14, respectively (Scheme 4).
Structure elucidation of both products was based mainly
on their Mass and IR spectral data, presented in the
Experimental.
The 1,3-dipolar cycloaddition reaction of nitrilimine 15, ob-
tained in situ from bis-hydrazonoyl chloride 1 in the presence
of triethylamine, with 3-(dimethylamino)-1-phenylprop-2-en-
1-one 16 was carried out in reﬂuxing benzene for 6 h, gave a
single product that proved to be 1,10-(1,10-(biphenyl-4,40-diyl)-
bis(4-benzoyl-1H-pyrazole-3,1-diyl))diethanone 18 (Scheme 5).
The purity of obtained compound was conﬁrmed by TLC and
elemental analysis.
The reactivity of bis-hydrazonoyl chloride 1 toward
some heterocyclic amines was also investigated. Thus, whenN
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aminobenzimidazole 22, in reﬂuxing ethanol and in the pres-
ence of a catalytic amount of triethylamine, it furnished in
each case, a single product. The reaction products were identi-
ﬁed as the bis-(imidazo[1,2-b][1,2,4]triazole) 21 or bis(imi-
dazo[1,2-a] benzimidazole) 24, respectively. This reaction was
supposed to proceed via initial formation of the amidrazones
20 or 23 followed by dehydrative cyclization of the latter com-
pounds to give 21 or 24 as end products (Scheme 6).
3.2. Pharmacology
3.2.1. Anticancer activity
The anticancer activity of the synthesized compounds (4a, 7,
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6 N.A. Kheder, T.A.R. Farghalycancer cell line (HEPG2) in the Regional Center for Mycology
and Biotechnology at Al-Azhar University. Data generated
were used to plot a dose_ response curve of which the concen-Table 2 Antibacterial Activity (lg/ml) of the synthesized compoun
Compound no. Gram positive bacteria
Staphylococcus aureus (SA) Bacillus subtilis (
4a 12.4 ± 0.17 13.9 ± 0.22
4b 20.6 ± 0.22 21.9 ± 0.28
7 12.6 ± 0.16 14.2 ± 0.30
10b 13.4 ± 0.23 15.6 ± 0.23
13 11.6 ± 0.18 13.4 ± 0.39
14 23.7 ± 0.31 25.9 ± 0.22
18 N.A. N.A.
Ampicillin 27.4 ± 0.18 32.4 ± 0.10
Gentamicin N.A. N.A.
NA: No activity, data are expressed in the form of mean ± S.D.
Please cite this article in press as: Kheder, N.A., Farghaly, T.A.R. Bis-Hydrazonoyl
stituted bis-azoles –> for synthesis of novel polysubstituted bis-azoles. Arabian Jourtration of test compounds required to kill 50% of cell popula-
tion (IC50) was determined.
The results revealed that compounds 14, 13, 7 and 4a have
promising anticancer activity against HEPG-2 cell line with
IC50 = 14.4, 15.3, 16.4 and 16.6 lg/mL respectively. On the
other hand, compounds 10b, 18 and 21 have moderate activi-
ties. The most reactive derivative is the compound with couma-
rin moiety.
3.2.2. Antimicrobial evaluation
The antibacterial activity of the newly synthesized compounds
(4a,b 7, 10b, 13, 14, 18) was evaluated in vitro against Staphy-
lococcus aureus (RCMB 010028) (SA) and Bacillus subtilis
(RCMB 010067) (BS) as examples of Gram-positive bacteria
and Pseudomonas aeruginosa (RCMB 010043) (PA) and Esch-
erichia coli (RCMB 010052) (EC) as examples of Gram-neg-
ative bacteria. The in vitro antifungal potential of these
compounds against Aspergillus fumigatus (RCMB 02568)
(AF), Pseudomonas italicum (RCMB 03924) (PI), Candida
albicans (RCMB 05031) (CA) and Geotrichum candidum
(RCMBB 05097) (GC) fungal trains was also evaluated.
The inhibition zone diameter (IZD) in millimeters was used
as a criterion for the antimicrobial activity using the agar dif-
fusion method. Ampicillin and Gentamicin were used as refer-
ence drugs for antibacterial activity and Amphotericin B wasds 4a,b, 7, 10b, 13, 14 and 18.
Gram negative bacteria
BS) Pseudomonas aeruginosa (PA) Escherichia coli (EC)
N.A. 9.8 ± 0.34
N.A. 12.9 ± 0.19
N.A. N.A.
N.A. 10.6 ± 0.31
N.A. N.A.
N.A. 15.9 ± 0.38
N.A. N.A.
N.A. N.A.
17.3 ± 0.15 22.3 ± 0.18
chloride as precursors Bis-Hydrazonoyl chloride in synthesis of novel polysub-
nal of Chemistry (2013), http://dx.doi.org/10.1016/j.arabjc.2013.11.040
Table 3 Antifungal activities of the synthesized compounds 4a,b, 7, 10b, 13, 14 and 18.
Compound no. Fungi
Aspergillus fumigatus (AF) P. italicum (PI) Candida albicans (CA) Geotrichum candidum (GC)
4a 12.6 ± 0.22 N.A. 13.7 ± 0.29 14.6 ± 0.31
4b 17.9 ± 0.15 N.A. 14.8 ± 0.15 20.7 ± 0.38
7 N.A. N.A. N.A. N.A.
10b N.A. N.A. N.A. N.A.
13 N.A. N.A. N.A. N.A.
14 20.3 ± 0.31 N.A. 16.8 ± 0.31 22.6 ± 0.22
18 16.7 ± 0.26 N.A. 14.2 ± 0.19 16.4 ± 0.18
Amphotericin B 23.7 ± 0.10 21.9 ± 0.12 19.8 ± 0.20 28.7 ± 0.22
NA: No activity, data are expressed in the form of mean ± S.D.
Bis-Hydrazonoyl chloride as precursors for synthesis 7used as reference drug for antifungal activity. The results are
depicted in Tables 2 and 3.
The results indicated that compound 14 have high degree of
antibacterial activity against SA and BS, relative to the stan-
dard drug ampicillin. Also, it exhibited high activity against
EC, relative to standard drug gentamicin and exhibited a high
inhibition effect against AF and CA, relative to standard drug
amphotericin B. Compound 4b showed a high degree of activ-
ity against SA and BS and fungi species GC and CA. All the
tested compounds exhibited no inhibition of growth against
PA and PI. Compound 18 exhibited moderate activity against
AF, CA, and GC) and no inhibition of growth against SA, BS,
PA, EC and PI. Compounds 7, 10b and 13 exhibited no activ-
ity against all the fungal strains. The structure antimicrobial
activity relationship of the synthesized compounds revealed
that the maximum activity was attained with compound 14
having coumarin ring as substituent and 4b which has pyrazole
ring with CONH2 group at position 4.4. Conclusion
In summary, we have reported a novel and facile approach for
the preparation of polysubstituted bis-azoles such as polysub-
stituted-bis-pyrazole, bis-(imidazo[1,2-b][1,2,4]triazole) and
bis(imidazo[1,2-a] benzimidazole) derivatives via reaction of
bis-hydrazonoyl chloride and active methylene or heterocyclic
amines. The results of biological activities of the tested com-
pounds indicated that compound 14, with coumarin moiety,
has promising anticancer activity against HEPG-2 cell line
and antimicrobial activity. Also, compound 4b showed a high
degree of activity against SA and BS and fungi species CA and
GC.Appendix A. Supplementary data
Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.arabjc.
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